Chapter (3) : Hydraulic circuit design 


In order to improve design performance, shorten development 
cycles, reduce production cost, designed the forklift hydraulic System. By 
the analysis of the forklift tilting and lifting process, the forklift hydraulic 
System schematic is made. Based on the schematic, designed and 
calculated the size and operating parameter of hydraulic cylinder, the 
pump operating parameter, hydraulic valve operational parameter, 
hydraulic oil tank effective volume, pipe size, selected the appropriate 
hydraulic components, and checked the System pressure loss and 
temperature rise the results show that the hydraulic System meets the 
requirements. 


Hydraulic Circuits used in the project 


Circuit 1 (Lifting) : this circuit shows 
a solenoid spring centered 4/3 
directional control valve mounted to a 
double acting cylinder (Front Flange 
Mounting) with flow control valve (non 
pressure compensated valve), This 
circuit is used to lift the load, taking 
into account the maximum load that the 
forklift can lift it. 



Circuit 2 (Steering) : this Circuit shows a 
solenoid spring centered 4/3 directional 
control valve mounted to a double acting 
cylinder (clevis mounting) with flow control 
valve (needle valve) and with check valve. 

This Circuit is used for the steering the forklift. 



Circuit 3 (Tilting) : Shown figure shows a 
solenoid spring centered 4/3 directional 
control valve mounted to a double acting 
cylinder(clevis mounting ) with flow control 
valve (needle valve) and with check valve. 

This System allows for incline the Mast 
System to and (picking aid) and to back 
(centering aid). 



Circuit 4 (Carriage) : The shown 
circuits in figure shows the Push and 
pull The Mast Package. This circuit 
shows a spring solenoid centered 4/3 
directional control valve mounted to a 
double acting cylinder ( clevis 
Mounting ) with flow control valve 
(non pressure compensated valve). 
Very Important Mechanism used to 
adjust the C.G in the Safety triangle. 

It allows a little compactness in fork 
design 
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Circuit 5 (Hydro Transmission) : 

Hydro Transmission System, This System shows a solenoid 
actuated spring retum (closed center) 4/3 directional control valve, Brake 
System (different arrange of four check valves) control the hydraulic 
motor with flow control valve ( non compensated valve). 



The Development of hydraulic schematic diagram 

1- Determine the supply mode : Taking into account the larger load, 
Slower speed when lift hydraulic cylinder work, Caring with saving 
energy and reducing heat. The System source pumping oil should be a 
fixed displacement pump. Choosing the one way gear pump to operate 
the project. 

2- The order and it's speed of working mode choice : the System depends 
on D.C.Vs -(spring retum, closed neutral centers)- with solenoids, 
attached to them some throttling valves to control the flow rate in the two 
directions of actuating. 

3- Action goals achieved by different types of actuators ( Cylinders and 
Motors). The cylinders selected of the type of double acting actuating 
cylinders to supply motion in two directions with different speeds, by the 
way there is a po werful hydraulic motor that drives wheels. 

Next there will be the assembled hydraulic Circuit of the smart 
design, all components are connected to the pump, and all retum lines are 
leads to the tank. 



Motor Load Calculations 


Requirements: 

Truck weight = 2500 N (load) + 2500 N (chassis and component) = 5000 
N. 

Weight per wheel = 2000 N, Wheel radius = 0.185 m, Max. speed = 0.5 
m/s, Acceleration time = 1 sec. , Inclination angle = 5 degrees, Floor type 
= rough concrete (C r = 0.02). 

Using: TTE = F R 0 iim g + F S i op e + F Acc 

F Roiiing = WEIGHT x c r = 5000 x 0.02 = 100 N 

F siope = WEIGHT x Sin (a) = 5000 x Sin(5) = 436 N (Not taken into 
account because of flat floor) 

F Acc = WEIGHT x MAX.YELOCITY / ACC.TIME xg = 5000 xiK5 = 250 

Acc & 1x10 

N 


So TTE = (100 + 250) = 350 N 

Then Motor required torque = TTE x wheel radius x bearing friction 
factor 

= 350 x 0.185 x 1.1 =71.25 N.m 


Using a differential with a reduction ratio of (3.75) to reduce 
torque and increase speed and vise versa. 


By the way: the required torque by the hydraulic motor =19 N.m 


, . , T . Torque x2n 

Motor Volume = 

Pressure 


(Volume depends on circuit pressure) 


Used Pressure in Motor circuit (Bar) 

Required Motor Volume (c.c) 
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It's required to move the track by a Velocity = 2 Km/h = 0.5 m/s 
Remember that: Wheel Raduis = 18.5 Cm = 0.185 m 
So co onwheeis = v /r = 0.5 / 0.185 = 2.7 rad/s , Speed = 26 rpm 
Using (n=3.75) 

So co on motor = 10.25 rad/s , Speed = 98 rpm 

Where Motor Mechanical power = Torque x co = 19 x 10.25 = 195 watt. 

And it's hydraulic Power = 216.66 watt. (Taking mechanical Efficiency = 
90%) 

It's clear that the calculations leaded us to choose a pressure =15 
Bar , 100 cc/r Motor, and there is a close match between real Standard 
motor s and calculations. 

Flow rate Calculations 

Also Hydraulic power = PxQ 

So Motor flow rate (Q) = Hydraulic power / Pressure 

= 216.66 / 1500000 = 0.000144 m 3 /s = 8.6 LPM 

So Pump Power = 216.66/0.9 = 240.7 watt , (with Efficiency = 90% for 
hoses and Connections) 

So prime mover Power = 240.7/0.9 = 268 watt 

= 0.268 kw 
= 0.357 HP 


Lift Cylinder Calculations 

& 

Pump and Electrical Motor Selection 


For a max. load on forks = 2500 N , Using 15 Bar (Assumed Pressure). 
A Piston — F Load / P - 2500 / 1500000 - 0.00166 m 2 


Then D Pis ton = 0.045 m = 1.97 in , D Rod = 0.0254 m =1 in 
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Reviewing the Standard productions, it was available to use a cylinder 
with a Piston Diameter (5 Cm) and Rod Diameter (2.5 Cm). 

The Stroke (S) = 0.8 m (Design Assumed Value). 

Stroke Volume (V) = A Piston x Stroke = 0.00166 x0.8 = 0.00133 m 3 

The load will be lifted during 15 seconds (Design Assumed Value). 

So The required flow rate (Q) = Stroke Volume / Lift time = 0.00133 / 15 
= 0.000088 m 3 /s = 5.28 LPM 

Hydraulic Power = P x Q = 1500000 x 0.000088 = 132 watt = 0.176 HP 
Taking Hydraulic efficiency through hoses and Connections = 80% 

So Pump Required power =165 watt = 0.22 HP 


(Taking pump overall Efficiency = 80%) 

So Electric Motor Required Electrical Power = 206 watt =0.275 HP 


Carriage Cylinder Calculations 

For max. load on carriage cylinder = Maximum load xFriction factor 

= 3000x0.2 = 600 N 


Using 5 Bar (Assumed Pressure). 

A pi St on = F Load / P = 600 / 500000 = 0.0012 m 2 


Then D Piston = 0.039 m = 1.57 in , D Rod = 0.02 m = 5/8 in 
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Reviewing the Standard productions, it was available to use a cylinder 
with a Piston Diameter (3.5 Cm) and Rod Diameter (1.5 Cm). 

The Stroke (S) = 0.3 m (Design Assumed Value). 

Stroke Volume (V) = A P is to n x Stroke = 0.001 x0.3 = 0.0003 m 3 

The load will be lifted during (5 seconds) - (Design Assumed Value). 

So The required flow rate (Q) = Stroke Volume / Lift time = 0.0003 / 5 = 
0.00006 m 3 /s = 3.6 LPM 

Hydraulic Power = P x Q = 500000 x 0.00006 = 30 watt = 0.04 HP 


Taking Hydraulic efficiency through hoses and Connections = 80% 

So Pump Required power = 38 watt = 0.05 HP 
(Taking pump overall Efficiency = 80%) 

So Electric Motor Required Electrical Power = 47.5 watt = 0.063 HP. 


